PCX 



WORU> INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




(51) International Patent Classification ^ : 




(11) International Publication Number: 


WO 96/25913 


A61K 7A6, 7/48, 33O0, COIG 9/00 


Al 


(43) International Publication Date: 


29 August 1996 (29.08.96) 



(21) International Application Number: PCT/EP96/00679 

(22) International Filing Date: 14 February 1996 (14.02.96) 



(30) Priority Data: 
9503240.5 



20 February 1995 (20.02.95) GB 



r71) AoDlicant {for all designated States except AU BB CA GB IE 
KELK LS MN hfW NZSD SC SZTT VG)i UNILEVER 
N.V. [NIVNL]; Wecna 455, NL-3013 AL Rotterdam (NL). 

(71) APDiicant (for AU BB CA GB IE KE LK LS MN MW NZ SD 
SG SZTTUG <mfy): UNILEVER PLC IGB/GBJ; Unilever 
House. Blackfnars, London EC4P 4BQ (GB). 

(72) Inventors: BHAT, Ramachandra; 502 Vaity Apartments, L T 
Mali Extension, Mulund (East), Maharashtra, Bombay 400 
081 (IN). BULANl, Nand, Sanmuididas; D/5, Mira Man- 
sion, Sion Circle. Maharashtra. Bombay 400 022 (IN). KR- 
ISHNAN. Vcnkaicswaran; Hindustan Lever Research Cen- 
tre Flats, 5C. Anusandhan, ICT Link Road. Chalcala, Anheri 
East. Maharashtra, Bombay 400 099 (IN). SANKHOLKAR. 
Devadatta. Shivaji; Hindustan Lever Research Centre Flats, 
5C, Anusandhan, ICT Link Road, Anheri East, Maharashtra. 
Bombay 400 099 (IN). 



(74) Common Representative: UNILEVER N.V.; Pater 
P.O. Box 137, NL-3130 AC Vlaardingcn (NL). 



(81) Designated Stetes: AL, AM, AT, AU. AZ, BB. BG, BR. BY, 
CA. CM, CN. CZ. DE. DK. EE. ES, Fl. GB, GE. HU. IS. 
JP, KE, KG. KP, KR. KZ, LK, LR, LS, LT, LU, LV, MD. 
MG, MK, MN. MW, MX, NO, NZ, PL, PT. RO, RU, SD, 
SE, SG. SI. SK, TJ, TM, TR. TT, UA, UG. UZ. VN, ARIPO 
patent (KE. LS. MW. SD, SZ, UG). Eurasian patent (AZ. 
BY KG. KZ, RU, TJ. TM), European patent (AT. BE, CH, 
DE, DK, ES. FR. GB. GR. IE, IT. LU, MC, NL, PT, SE). 
OAPl patent (BF, BJ, CF. CG. CI, CM, GA, GN. ML, MR, 
NE, SN, TD, TG). 



PubUshed 

With international search report. 



(54)Titie: PREPARATION 
(57) Abstract 

precipitation vessel to form a precipitate of monophasic zinc hydroxycarbonatc- 



BNSDOCID: <WO 962591 3A1J_> 



FOR THE PURPOSES OF tNFORMATiON ONLY 



Codes used to identify States party to the PCT on the ftont pages of pamphlets publishing international 
applications under the PCT. 



AM 


ArmenU 


GB 


United Kingdom 




MW 


Malawi 


AT 


Ausaia 


GE 


Geofgia 




MX 


Mexico 


AU 


Auttfilia 


GN 


Guinea 




NE 


Niger 


BB 


ButadM 


GR 


Gieece 




NL 


Netherlands 


BE 


Belgium 


HU 


Hungaiy 




NO 


Norway 


BF 


Buriuna Faso 


IE 


Ireland 




NZ 


New Zealand 


BG 


Bulgaria 


IT 


Italy 




PL 


Poland 


BJ 




JP 


Japan 




FT 


Portugal 


BR 


Biaail 


KE 


Kenya 




RO 


Romania 


BY 


Belanu 


KG 


Kyigysian 


iblic ^ 


m 


Russian Fedention 


CA 


Canada 


KP 


Democratic People's Repi 


SD 


Sudan 


CF 


Central African Rqwblic 




of Korea 




SE 


Sweden 


CG 


Congo 


KR 


Republic of Korea 




5G 


Singapore 


CH 


Swiuerland 


KZ 


Kazakhstan 




St 


Slovenia 


CI 


Cdce d*Ivoiic 


U 


Liechtenstein 




SK 


Slovakia 


CM 


Cmcfoon 


LK 


Sri Lanka 




SN 


Senegal 


CN 


China 


LR 


Liberia 




sz 


Swaziland 


CS 


Czechoalovakia 


LT 


Lithuania 




TO 


Chad 


cz 


Ciecfa Republic 


LU 


LuKCUibouig 




TG 


Togo 


DE 


Gennany 


LV 


Latvia 




TJ 


Tajikistan 


DK 


Denmark 


MC 




ivKinnoD 




TT 


Trinidad and Tobago 


EE 


Ettonia 


MD 


Republic of MoUova 




UA 


Ukraine 


ES 


Spain 


MG 


Madagascar 




UG 


Uganda 


FI 


Rnland 


ML 


Mali 




US 


United States of America 


FR 


Pknce 


MN 


Mongolia 




uz 


Uzbekistan 


OA 


Gabon 


MR 


Mauritania 




VN 


Viet Nam 



BNSDOCID: <WO ^962591 3A1J.> 



' wo 96/25913 



1 



PCT/EP96/00679 



PREPARATION 

nrmoDUCTiON 

This invention relates to preparation of zinc 
hydroxycarbonate and antimicrobial compositions containing 
5 that compound. 



This invention particularly relates to: 

a) preparation of monophasic zinc hydroxycarbonate 
10 suitable for use in personal care products such as 

toilet soaps and cosmetics like skin, scalp and/or 
hair products and dental products such as toothpastes, 
toothpowders , dental creams and 

15 b) personal care compositions such as toothpastes, 

toothpowders, toilet soaps, skin creams, skin powders, 
deodorants, antiperspirants and hair care products 
comprising zinc hydroxycarbonate as an antimicrobial 
agent . 



20 



BACKGROmn) 



Zinc hydroxycarbonate occurs in nature in the mineral 
hydrozincite. Generally sulphide ore bodies are overlain by 

25 deposits of sraithsonite, calamine and hydrozincite. 
Franklinite, willemite and zincite occur in white 
crystalline lime stone in some places. Calcite. dolomite 
and sometimes quartz occurs as materials associated with 
zinc blend or sulphide. The monophasic zinc 

30 hydroxycarbonate prepared by the process of present 

invention has a structure similar to that of hydrozincite 
without any other impurity phases as may be present in the 
mineral . 

35 Basic zinc carbonate may be represented by 



Zn4 (COj) . (OH) , . or Zn, (COj) j . (OH) , 



I 
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and sometimes it is accompanied with ZnO. 

The monophasic zinc hydroxycarbonate of the present 
invention has the following formula 

5 

ZnsCCO,),, (OH),,x HaO (x = 0-4) 

It is known that divalent zinc ions can provide 
antimicrobial activity- If they are made available freely 

10 in soaps or cosmetic or dental formulations, they would 
contribute to the health care features of these products. 
But the zinc ions tend to affect colour, perfume, flavour, 
and/or taste of the cosmetic products, dental products or 
soaps, and they may reduce the shelf life of such products. 

15 Due to the structure of the hydrozincite (in which zinc is 
present in the foxrm of stable covalent complexes) , free 
divalent zinc ions are not made available in the product. 
Thereby the shelf life of the health care products is 
improved. Zinc hydroxycarbonate is also an antimicrobial 

20 compound, and it is surprisingly found that when a personal 
care product containing it comes into contact with the slcin 
or with the saliva in the mouth, or the microflora of the 
skin, scalp or hair, the zinc hydroxycarbonate in the 
presence of a surfactant such as soap and/or synthetic 

25 detergent shows a synergistic enhancement of the 

antimicrobial effect. Further its substantivity keeps it on 
the body to readily deliver free divalent zinc ions to act 
as antimicrobial agent at the site as and when desired. It 
is hypothesised here that the zinc hydroxycarbonate, not 

30 being soluble in water, is substantive to the skin, mucous 
membranes, hair, mould and microbial cell walls 
particularly wherever there is any acid site, and upon 
neutralising the acid site delivers divalent zinc ions 
which act on microbes which generate acids such as butyric 
35 and lactic acids. The surfactant, e.g. soap and/or 

synthetic detergents place the zinc hydroxycarbonate onto 
the desired spot. Thus, it is thought that the combination 
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not only gives synergistic effect in antimicrobial activity 
in use but also gives triggered release effect during the 
intervening period inbetween successive application of the 
products containing it. Thus, zinc hydroxycarbonate acts as 
5 an agent to generate active antibacterial /antimicrobial 
species - divalent zinc ions - by its synergistic 
combination with surfactants such as soaps /synthetic 
detergents . 

10 PRIOR AST 

There are processes known for the preparation of basic zinc 
carbonate- Preparation of monophasic zinc hydroxycarbonate 
suitable for use in personal products has not been 
15 described. Dse of mineral hydrozincite in dental 
preparations has been reported, but synergistic 
antimicrobial compositions containing zinc 

hydroxycarbonates have not been reported in the literature. 
In a Russian process degradation of zinc ammonium carbonate 
20 complexes with hot moist air in the presence of lignin 

sulphonate gives zinc hydroxycarbonate. [Krechmer G.A. ; SU 
664923 (30 May 1979)]. 

In another Russian process, basic zinc carbonate is 
25 prepared by an electro-chemical process from an electrolyte 
containing sodium nitrate and sodium bicarbonate. 
(Oratovskii V.I.; SU 447366 (22 August 1975)]. 



30 



In another process, zinc hydroxide ( a waste product from 
the production of Na^SaO^ was used as raw material for the 
production of basic zinc carbonate (ZnCO,.3Zn(OH)a) by 
carbonation. [Telepneva A.E. and Artemova V.A., Tr. Ural. 
Nauch.-lssled. Khim. Inst. 1973, 24., 26-8]. 
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Further prior art references are: 

a. Inst. Pyancaig n« Pet-roli>; EP 01558^8 (10 PebYniaTy 

5 

This reference describes a process for the preparation of 
catalysts for synthesis of methanol from carbon oxides 
wherein a mixture of hydroxycarbonates of 

copper/zinc/aluminium/rare earth metal and/or zirconium is 
10 prepared by a co-precipitation technique. In this process 
soluble salts are dissolved together and reacted with 
ammonium, sodium, potassium carbonates, and/or hydroxides n 
the pH range 6,3-7.3. 

15 b. Fuji Chem - Tnd . Co. r JP 5Q25QS2 (2 Febyuairy 19931 

This reference describes the preparation of an 
antimicrobial drug comprising supplying continuously 
aluminium, an aqueous solution of antimicrobial metal salts 

20 (including copper, zinc, magnesium, nickel and cobalt) , 
sodium carbonate solution and sodium hydroxide solution 
into a reaction tank at room temperature keeping the pH of 
the reaction solution at 7 to 11 by adjusting the NaOH 
addition, filtering the reacted suspension, rinsing with 

25 water and drying. The molar ratio of aluminium and copper 
ion salt is 1:1 to 4:1. 

C. Vian A- et al . . An Oiiiin, Sf^y. A.. 1984. BO(^) Suppl . 
2. 724^31 (Spanish^ fCA: 1Q3 : 89773v1 

30 

According to this reference, in connection with recovery of 
zinc from ion-exchange wash liquors, used in the leaching 
of pyrite cinders, NaOH, CaCOH),, and A(OH)-Na2C03 mixture, 
(where A = Na, K, NH^) were used to precipitate zinc from 
35 zinc chloride solution. While NaOH produced a precipitate 
consisting of [ZnO and ZnjiOH) B.Clj.HaO] , A (OH) and Na^COj 
mixtures gave a precipitate consisting mainly of [ZnO and 
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Zn5(CO,)a(OH),] with various proportions. 

In French patent 2493704, the use of natural carbonates 
forming an isomorphic series with the calcite, more 
5 resistant to acids than Iceland Spar (this includes natural 
hydroz incite) has been reported for treatment or prevention 
of the troubles from deraineralisation of hard tissues such 
as teeth. 

10 DEFXNITION OF THE IWVBWTXOW 

Accordingly, the present invention relates to 

a) a process for the preparation of monophasic zinc 
15 hydroxycarbonate suitable for use in personal care 

products and 

b) antimicrobial personal care products such as 
toothpastes, toothpowders , soaps, skin cream, skin 

20 powders, deodorants, antiperspirants and hair care 

products comprising zinc hydroxycarbonate, and a 
surfactant such as soap or a synthetic detergent . 



25 The process of the present invention for the preparation of 
zinc hydroxycarbonate, (suitable for use as antimicrobial 
agent in personal care compositions such as soaps, cosmetic 
- skin and hair- and dental formulations) comprises 

30 (i) dissolving a sol\ible zinc sal. in water and heating 
it, to keep the solution warm before use, 

(ii) dissolving an alkali metal carbonate, such as sodium 
potassium or ammonium carbonate, in water. 



35 



(iii) taking water in a precipitation vessel and 
maintaining it at 35-95 "C, 
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(iv) pumping warm solutions of (i) and (ii) into the 
precipitation vessel simultaneously, and maintaining 
the temperature at 50-98 with continuous stirring 
and warming if necessary, 

5 

(v) filtering off the precipitate and washing it with 
water until it is free from anions, and 

(vi) drying the washed material. 

10 

The soluble zinc salt may be chloride, sulphate or nitrate. 
The pH of the reaction is between 8-10; preferably about 9. 

The preferred temperature of the precipitation reaction is 
15 50-98 °C; more preferred is 80-90 **C. 

The product of the reaction is air dried at temperature 
upto 150 ^'C- Vacuum drying may be used. 

20 The precipitated basic zinc carbonate obtained by the 
process of the invention was identified by XRD, IR, SEM 
Morphology and its Zn content was found to be between 54.75 
to 59-55 %. The chemical formula was found to be 

25 Zn5(OH)«|eOi)5.X.H,0 

X varies between 0 and 4 depending on the drying 
temperature and duration of drying. 

30 The antimicrobial personal care compositions of the 
invention comprise from 0.1 % to 20 % by weight of 
monophasic zinc hydroxycarbonate in combination with the 
usual ingredients of personal care compositions comprising 
a soap or detergent, with or without other antimicrobial 

35 agents. 
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DETAILS OF THE INVENTION 

If the sodium carbonate solution is taken in the 
precipitation vessel initially, and zinc salt solution is 
5 thereafter pumped into it or vice versa, the material 
obtained is not suitable for cosmetic use. It is more 
gritty them reqpiired. On the other hand when sodium 
carbonate solution and the zinc salt solution are 
simultaneously pumped in the precipitation vessel, the 
10 physical propertied of the material obtained are very close 
to the requirement of the formulations. 

When the zinc hydroxycarbonate is prepared as above by 
precipitation at different temperatures viz., 50, 70 and 
15 85*Cit has been found that all these products exhibit a 
hydrozincite structure. However, when it is precipitated at 
room temperature, the product is not monophasic. 

Synergistic action of zinc hydroxycarbonate with soaps 
20 containing TCC (trichlorocarbanilide) is another facet of 
this invention. 

Synergistic action of zinc hydroxycarbonate with 
toothpastes containing soaps and/or detergents such as 
25 sodium ricinoleate, sodium lauryl sulphate, is yet another 
facet of this invention. Zinc hydroxycarbonate shows 
synergistic antimicrobial activity in toothpastes with any 
abrasive agents such as chalk, silica, dicalciumphosphate 
dihydrate (DCPD) , alumina trihydrate. 

30 

The zinc hydroxycarbonate neutralises organic acids such as 
lactic acid as and when they are generated in the mouth, 
and the release of zinc ions is triggered off as a result 
of this neutralisation of zinc with e.g. lactic acid acting 
35 on oral microflora. This process is likely to help to 
reduce plaque pH and buffer the plaque. This is another 
facet of the invention. 
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Synergistic action of zinc hydroxycarbonate with detergent 
and/or antidandruff actives like zinc pyrithione in 
shampoos/hair dressings is yet another aspect of this 
invention. 

5 

Synergistic action of zinc hydroxycarbonate in skin cream 
and talcum powder is yet another example of this invention. 
It has the added advantage of reducing body malodour caused 
by some of the fatty acids, hydroxy acids and their 
10 breakdown products, present in body malodour. 

The neutralisation of organic acids such as butyric acid 
generated on skin which is responsible for malodour by the 
zinc hydroxycarbonate release zinc ions acting on the skin 
15 microflora. It also acts as a buffer to control the pH in 
the area of its action on skin. The synergistic 
compositions such as deodorants, antiperspirants are based 
on this principle and it is another facet of the invention. 

20 EXAMPLES 



The invention will now be illustrated by way of Examples. 
The Examples are for illustration only and they do not in 
any way restrict the scope of the invention. 

25 

F.yample 1 ; Preparat on of mnnonhasic zinc hvdroxvcarbonate 
Materials used in this Example were of technical grade. 



30 1. Zinc sulphate heptahydrate (300 g) was dissolved in 

water (1000 ml) . Sodium carbonate (150 g) was 
dissolved in water (1000 ml) • 

2. In the precipitation vessel (5000 ml) 200 ml water 
35 was taken and maintained at 85 ®C. 

3. Warm solutions of zinc sulphate and sodium carbonate 
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were pumped into the precipitation vessel 
simultaneously maintaining the precipitation 
temperature at 85 "C, with continuous stirring. 

5 4 . When all the solutions were added and the 

precipitation completed, the precipitate was 
filtered through a Buchner funnel, and washed with 
hot (60 "O water (2000 ml) . 

10 5. The product was dried in an air oven at 110 «»C for 

six hours. Yield: 125 g (100 %) . 

Analysis of the product: 

15 Zn content: 

55 % by wt. (EDTA Titration using Eriochrome Black T) 

Surface Area : 

80 m'/g (BET method) 

20 

X-Ray (powder) diffraction pattern: 

it indicated a highly crystalline nature of the product and 
it was isostructural with the mineral hydrozincite. 

25 FT-IR Spectra: 

it indicated a basic carbonate group, t- absorption 
doublets at 1507 and 1385 cm This was confirmed by 
adsorption maxima at 1046 (bridging type OH: bending mode) ; 
at 835 (out-of -plane CO, deformation) ; at 708 (in-plane CO, 

30 deformation) and at 470 cm'^ (ZnO symmetric stretching)). 

pvampi^ E val nation of gnans rontaininq zinc 

ViyHynyycayhonate 

35 Soaps containing monophasic zinc hydroxycarbonate (ZHC) 

with and without trichlorocarbanilide (TCC) were evaluated 
for their antibacterial activity by the Bureau of Indian 
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Standards' Test method given in IS 11479 - 1985. 
Results are given in Table 1. 
5 Table 1 

fompogition 

1. Soap base* 

2. Soap base + 0.1 % TCC 
10 3. Soap base + 0.5 % ZHC 

4.V Soap base + 0,1 % TCC + 0.5 % ZHC 

* Soap base used in these compositions had 55 % TFM 
(12.5 % CNO) ; 24 % Structurant (talc) ; 1.5 % 
15 Tetrasodium pyrophosphate, 0.5 % sodium carbonate. 

These results clearly showed that very small amoxints of TCC 
when mixed with small amoxints of ZHC synergistically 
reduced the microbial activity and improved substantivity 
20 much more than either of them individually with soap base, 

p,yafn plp> E y'^itiaMon of fQof.hnastes Containing zinc 
y^yHT-nvyga-rhriTiaties 

25 The antimicrobial activity of the toothpaste was assessed 
by [the in-vitro method described below] estimating total 
viable count by spread plate technique as described in 
Medical Microbiology by R. Cruickshank, llth Edn., 1965, pp 
886-889. 

30 

The results of the assay are given in Table 2. 

Table 2 Antimicrobial activity of toothpastes containing 
zinc hydroxycarbonate 

35 



g1lhg^an1-iv^tv 
No 
No 
No 
Yes 
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1. Toothpaste base*: (0.1 % on the broth) 23.6 

5 2. Toothpaste base + 2 % ZHC: 

(0.1 % - 20 ppm ZHC - on the broth) 86.2 

3. 20 ppm ZHC (as slurry) on the broth 41.3 

10 * Composition of the toothpaste base is same as that 
given in Example 4A without any addition of ZHC. 

The results clearly indicated that the Composition 2 had a 
synergistic inhibitory activity. 

15 

■fTl-v■^^■ro mf^rhod; 

Appropriate dilutions of toothpaste are incubated with a 
Streptococcus spp. culture isolated from the oral 
microflora. An aliquot of this is taken and placed on an 

20 Agar plate for growth at room temperature overnight. The 
following day colony forming units (CPU) are counted. The 
activity is expressed as % ihhibition. This is calculated 
based on the growth of bacteria (no of CPUs) without any 
treatment, which is taken as 100 % growth or 0 % 

25 inhibition. 

TUT ^^n^pi*^ 4. T g o^-HpaBt-*^ r-nmnoaitionR ancordinq to the 

30 The following toothpaste compositions were formulated as 
described below: 
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romposition 

Precipitated calcium carbonate (Chalk) 
TUtirasive silica 
5 Thickening silica 
Sorbitol (70 %) 

Sodium carboxymethylcellulose (SCMC) 
Sodium saccharin 
Titanium dioxide 
10 Sodium lauryl sulphate 

Sodium dodecylbenzenesulphonate (40 %) 
Monosodium phosphate 
Zinc hdyroxycarbonate 
Flavour 

15 

Demineralised water to 

Sorbitol (70 %) and water were taken into a vacuum mixer 
20 fitted with a low speed scraper unit and a high speed 
homogeniser. Minor solxible confounds such as saccharin, 
monosodium phosphate etc. were added to obtain clear 
solution. The mixture was heated to 50 and mixture of 
SCMC and abrasive chalk/silica was added. The mixture was 
25 homogenised and thickening silica was siibsequently added. 
When the mixture was of consistent quality, detergents 
consisting of sodium lauryl sulphate and dodecyl benzene 
sulphonate predissolved in water were added. The batch was 
cooled to 40 "C. Zinc hydroxycarbonate was then added and 
30 mixing was continued. Flavour was added last to complete 
the batch. 

T?vatnpi«» ^«aiifra 1 i ea^ "i on of 7.1 nc hvfiroyvnarhnnate wir . h n- 

hvrV^"'^ arid 

35 

Various quantities of n-butyric acid (O.S % solution) were 
added to zinc hydroxycarbonate (5g in 30 ml slurry) and the 
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4A(%) 4B(%) 

40.0 

10.0 

1.5 8.3 

27.0 45.0 

0.7 0.9 

0.2 0.2 
1.0 

2.5 2.5 

1.0 0.5 

0.4 

2.0 2.0 

q. s . q.s . 

100 100 
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filtrate was analysed for soluble Zn++ ions and its pH was 
recorded . 



5 



Results are given in table 3 
Table 3 



Mole ratio of Soltible Zn++ ions pH of the 

butyric acid: ZHC in the filtrate filtrate 

10 (* zinc on ZHC weight) 

0 Nil 6-6 

4 42.58 6.0 

6 61.92 5.9 

15 10 81.02 5.8 

12 100.0 5.5 



This Example supported our hypothesis of triggered release 
20 action of ZHC and buffering of the pH of the solution. 
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CI Aims 

1. An antimicrobial personal care product comprising a 
surfactant and an antimicrobial agent, characterised 
in that the antimicrobial agent is or comprises 
monophasic zinc hydroxycarbonate . 

2- A product according to claim 1, characterised in that 
the monophasic zinc hydroxycarbonate is present in an 
amount of 0.1 - 20 % by weight of the product. 

3. A product according to claim 1 or 2, characterised in 
that the surfactant is a soap or a synthetic 
detergent - 

4. A product according to claims 1-3, characterised in 
that the personal care product is a toilet soap. 

5. A product according to claims 1-3, characterised in 
that the personal care product is a toothpaste. 

6. A process for the preparation of monophasic zinc 
hydroxycarbonate, suitable for use in the products 
according to claims 1-5, said process comprising the 
steps of 

(i) dissolving a soluble zinc salt in water and 
heating he resulting solution, 

(ii) dissolving an alkalimetal carbonate in water, 

(iii) placing water in a precipitation vessel and 
maintaining the water at^a temperature of 
between 35-95 *>C, 

(iv) placing the solutions i) and ii) simultaneously 
into the precipitation vessel with warm water 
according to iii) , and maintaining the 
temperature at 50-98 with continuous 
stirring, 

(v) f iltering-of f the precipitate formed during 
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Step iv) and washing the filtrate with water 
until it is free from anions, and 
(vi) drying the washed material- 

Use of monophasic zinc hydroxycarbonate as 
antimicrobial agent in personal care product. 
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